Background & Aims: Application of nucleoside analogues and hepatitis B immunoglobulin (HBIG) has reduced hepatitis B virus (HBV) recurrence rate after liver transplantation (LT) dramatically. Recent data suggests therapy without HBIG is also effective. We sought to evaluate the necessity of HBIG in prophylaxis of HBV recurrence after LT.
Introduction
Over 400 million people have been infected with chronic hepatitis B virus (HBV) worldwide, with two-thirds of them in Asia [1] . End-stage HBV related liver diseases, including hepatic cirrhosis, liver failure, and hepatocellular carcinoma, are major indications of liver transplantation (LT) in the above area [2] . However, recipients might suffer from HBV recurrence after LT [3, 4, 5, 6] . In patients without any prophylaxis, HBV recurrence rate can reach as high as 80% [3, 4, 5] . The application of the first nucleoside analogue, lamivudine (LAM), reduced the recurrence rate of hepatitis B virus after LT dramatically. Unfortunately, its long-term use was associated with the risk of YMDD mutants, which would lead to the failure of hepatitis prevention, and possibly even the loss of the graft and the death of the recipient [7, 8, 9] . Hepatitis B immunoglobulin (HBIG) is efficient as a passive immune agent against HBV. Long-term passive immunoprophylaxis after LT results in a 60-80% reduction of HBV recurrence [10] . The combination of antiviral drugs and HBIG significantly reduced HBV recurrence rate and YMDD mutants; this strategy is also widely accepted as a routine prophylaxis for HBV recurrence after LT [11, 12, 13, 14] .
With the application of new potent nucleoside drugs, some studies have illustrated the effectiveness of nucleosides without HBIG, not only for preventing HBV recurrence but also for controlling YMDD mutants [15, 16, 17, 18, 19] . Considering the inconvenience and high cost of long-term HBIG usage as well as the surveillance of hepatitis B surface antibody (HBsAb), the strategy without HBIG would be advantageous if could achieve the same effect. Some analysis have been conducted to compare the efficacy of LAM and HBIG combination therapy with that of LAM monotherapy [11] [12] [13] [14] , the previous studies have proven the advantages of combined therapy, but the role of HBIG in the era of new nucleosides remains unknown. To gain a better insight into this issue, we performed this meta-analysis to determine the necessity of HBIG in prophylaxis of HBV recurrence after LT. In addition to the observations described by the previous analysis, we also focused on the application of new nucleotides antiviral drugs and of the influence of patients' pre-transplant HBV DNA status.
Patients and Methods

Search Strategy
The primary aim of this meta-analysis was to compare the efficacy of antiviral drug therapy with that of antiviral drugs plus HBIG combination therapy after LT. We searched PubMed, Web of Knowledge databases, and Chinese databases including CNKI, Wan Fang and SinoMed until July 2013 to find human studies published. Regardless of language, key words used in the electronic search included 'liver transplantation' 'hepatitis B' 'recurrence' 'HBIG' 'antiviral drugs'. In addition, we reviewed the reference lists of retrieved papers and recent reviews. Hepatitis B recurrence was defined as persistence of HBsAg for 3 weeks, as well as its reappearance in serum after LT.
Inclusion and Exclusion Criteria
We set the following inclusion criteria for the studies: (1) Prospective or retrospective cohort studies investigating patients with LT; (2) Studies in which a comparison between antivirals therapy and combination therapy was designated as a primary aim; (3) studies providing sufficient description of the methods; and (4) studies reporting sufficient data on one of the following results: patients' survival, hepatitis B recurrence rate and YMDD mutants.
The following types of studies were excluded from our analysis: (1) unrelated or in vitro studies; (2) case series, case reports, reviews and conference reports; and (3) studies based on overlapping cohorts from the same institution;
When results from the same center were reported more than once, the newest was extracted. When results from some or all patients in a clinical trial were reported more than once, data on endpoints from the publication with the longest follow-up were extracted.
Quality Assessment
A modified Methodological Index for Non-randomized Studies (MINORS) [20] was used to assess the quality of all trials included in this meta-analysis. All of the included trials were assessed for their study aims, patients, data collection, follow-up, groups' characteristics and statistical analyses.
Statistical Analysis
We reviewed all the reported studies. Data were extracted according to clinical and statistical characteristics, duration of follow-up, HBV recurrence, YMDD mutants, and patient survival rate (1 year/3 years/5 years). All of these parameters were analyzed by using the Review Manager Software (version 5.0 for Windows; the Cochrane Collaboration, Oxford, UK), and the results were expressed by risk ratio (RR) or risk difference (RD) with 95% confidence intervals (CI).
Results
Search
An initial electronic search identified 2899 reports. After the first review, 1782 were excluded for lack of relevance of title or abstract. Among the remaining 1117 articles, 806 were excluded for unrelated trials' design, and 67 for lacking data on antiviral drugs therapy and antiviral drugs plus HBIG therapy. So, there were 244 reports for more detailed evaluation. After the second review about HBV recurrence, patient survival and YMDD mutant, there were 19 reports determined to be included in the meta-analysis. In total, there are 1484 patients included in this meta-analysis, with 484 in the antivirals therapy group and 1000 in the combination therapy group (Fig. 1) .
Trial Characteristics
Baseline features of the trials included are shown in Table 1 . All the 19 studies included antiviral drugs group and combination therapy group. Study years and follow-ups are not stated in 2 studies. The other 17 had complete follow-up. Patients covered by 17 articles had a follow-up of 6-83 months with different emphases on HBV recurrence, YMDD mutants or patient survivals. Of the 19 included studies, 14 administered LAM antivirals therapy in one group and LAM+HBIG combination therapy in the other group. Among the other 5 studies, adefovir dipivoxil (ADV) (10 mg per day) combined with LAM were used in 3, ADV monotherapy was used in 1, and emtricitabine (FTC) (200 mg per day) with tenofovir disoproxil fumarate (TDF) (300 mg per day) in 1. Among these studies, the dosage of LAM is 100 or 150 mg/day and the average dosage of HBIG are 1000 units per month. Quality of included trials was assessed based on the Methodological Index for Non-randomized Studies (MINORS) [20] (Table 2) .
HBV recurrence
HBV recurrence was reported in 18 trials (Fig. 2 .A.), and significant differences were observed between the two groups [P, 0.001; RD = 0.16; 95% CI (0.12, 0.20)]. Combination of antiviral drugs and HBIG achieved a more favorable result to reduce the risk of HBV recurrence ( Fig. 2.A. ). In total, the HBV recurrence rates were 21.1% and 6.2% in antiviral drugs therapy group and combination therapy group respectively. Subgroup analysis was conducted on patients with clarified preoperative HBV-DNA status. Among all of the patients, 285 with positive HBV DNA before transplantation were included in 6 trials. It showed that antiviral drug therapy with HBIG was significantly more effective for HBV DNA positive patients [P, 0.001; RD = 0.42; 95% CI (0.32, 0.52)] (Fig. 2 .B.). Besides, 4 trials showed that in patients whose HBV DNA were negative before transplantation, there was no significant difference between the two therapies [P = 0.18; RD = 0.06; 95% CI (20.03, 0.14)] (Fig. 2.C.) .
Five trials used non-LAM therapies including ADV, ADV/ LAM, and FTC/TDF (Fig. 2.D. ). No significant difference was found between non-LAM therapy group and combination therapy group for HBV recurrence [P = 0.17; RD = 0.06; 95% CI (20.02, 0.14)].
YMDD mutants
YMDD mutants were reported in 5 trials (Fig. 3 ). Significant differences were observed in YMDD mutants rate between 
Patient survival
One-year, 3-year and 5-year patient survival rate were analyzed (Fig. 4) . Six trials calculated the 1-year patients' survival rate in 346 cases. 101 patients in antiviral drugs therapy group showed a 90.1% 1-year survival rate, and 245 patients in combination therapy group had a 96.3% 1-year survival rate. 3-year patient survival rates were counted in 4 reports involving 270 patients, which were 71.6% and 86.7% for patients in antiviral drugs therapy group and combination therapy group respectively. 111 patients' 5-year survival rates were reported in 3 trials. 82.7% patients in antiviral drugs therapy group survived longer than 5 years, while in combination therapy group, the 5-year survival rate was 72.9%.
Combination therapy achieved a higher 1-year and 3-year patient survival rate compared with antivirals therapy group [1-year survival P = 0.03; RD = 0.08; 95% CI (0.01, 0.15); 3-year survival P = 0.005; RD = 0.17; 95% CI (0.05, 0.28)]. However, there was no significant difference between the two groups in 5-year patient survival rate [P = 0.46; RD = 20.06; 95% CI (20.21, 0.10)].
Discussion
Application of nucleoside analogue has reduced the risk of Hepatitis B recurrence after LT dramatically. As the first generation of nucleoside analogue, LAM is safe and well-tolerated with efficacy against hepatitis B. Unfortunately, its long-term use is associated with viral resistance, which will lead to failure of HBV prophylaxis, and even the loss of the grafts and the patients. To reduce the risk of HBV mutating, variant doses of HBIG were introduced and have been very successful. In many transplant centers, prophylaxis with combined LAM and HBIG has been regarded as a routine procedure for such recipients.
The application of HBIG is associated with some disadvantages: inconvenience for patients to receive multiple injections of HBIG and surveillance of antibody titer. Also the cost would be an assignable burden economically. Some efforts have been made to verify the efficiency and safety of prophylaxis without HBIG and have achieved encouraging results [12, 26, 28, 38] . Fung J et al have also illustrated that long-term outcome using oral antiviral agents alone without hepatitis B immune globulin is associated with excellent survival [19] . While these results were not very convincing due to the lack of well-designed RCT and limitation of sample volumes.
Thus we conducted this meta-analysis to compare antiviral drugs therapy with combined antiviral drugs and HBIG therapy for the prophylaxis of hepatitis B recurrence after LT. We aim to clarify whether it is necessary to use HBIG in liver transplant recipients with HBV related diseases. Compared with previous studies, we also focused on the application of new nucleoside antiviral drugs and patients pre-transplant HBV-DNA status. Since we mainly compared between antiviral drugs therapy with or without long-term combination of HBIG, intro-operative usage of HBIG was not taken into consideration in our comparison. Table 2 . Quality assessment of included studies. Antiviral drugs therapy following a period of combination therapy was also regarded as a monotherapy strategy [20, 23, 25, 29] . As shown in this meta-analysis, combination therapy has a significant advantage in terms of HBV recurrence and the virus mutation. It can also improve the 1 year and 3 year survival of the patients, although no significant improvement in patients' long-term survival has been observed. Patients' pre-transplant virus replication status has been documented as the most important risk factor for virus recurrence and virus mutation; HBV DNA has always been regarded as a representative for HBV replication status [29, 35, 38] . In patients with negative pre-transplant HBV DNA, the risk of virus recurrence is much lower [35, 38] . Neff [38] reported that no additional advantage was conferred by combined use of LAM and HBIG compared with LAM monotherapy in patients with negative pre-transplant HBV DNA. In his study, 33 and 18 patients with negative HBV DNA received LAM alone and LAM+ HBIG respectively had no HBV recurrence. Similarly, Xia J et al. [30] , Xia Q et al. [32] , and Saab et al. [39] also demonstrated that no evidence supporting the prophylactic use of HBIG+LAM combination therapy over LAM monotherapy in HBV DNA negative patients. We hypothesize that HBIG is not necessary in this group of patients. The subgroup analysis results in our metaanalysis are also consistent with the above conclusions. In our meta-analysis, HBV recurrence rate did not differ significantly between the two groups in patients with negative pre-transplant HBV DNA (P = 0.18, RD = 0.06 95%CI (20.03, 0.14) ). This result may be helpful for making a more reasonable HBV prophylaxis for patients after LT. In contrast, we found that patients with positive pre-transplant HBV DNA were at higher risk of HBV recurrence. In our study, 80 of the 275 included patients (29%) with detectable HBV DNA experienced HBV recurrence despite post-transplant antiviral therapy with a recurrence rate of 55.8% and 15% for antiviral drug therapy and combination therapy groups respectively. Combination therapy significantly reduced the HBV recurrence rate for those with positive HBV DNA before LT [P,0.001; RD = 0.42; 95% CI (0.32, 0.52)]. We conclude that the use of HBIG is necessary to decrease the risk of HBV recurrence in comparison to LAM monotherapy for liver recipients with positive HBV DNA before LT.
New nucleotide analogues including ADV and TDF have been proven effective and superior to LAM without risk of viral mutation [26, 28, 37, 40] . Some trials have also proven that maintenance therapy with newer nucleoside analogues after discontinuation of HBIG prophylaxis was effective [16, 41] . Based on their findings, we assumed that HBIG might be unnecessary during the post-transplantation period when the new analogues were used, and we performed a sub-group analysis of non-LAM antiviral versus combination therapy. As showed in our sub-group analysis, when using the new nucleoside analogues, there is no significant difference between the two groups for hepatitis B recurrence [P = 0.17; RD = 0.06; 95% CI (20.02, 0.14)], but due to lack of patients' HBV-DNA status before LT and limited number of samples, this result is not compelling and remains to be determined. Patients' survival analysis showed that use of HBIG is beneficial in terms of 1-year and 3-year survival. And surprisingly, it showed no significant advantages for 5-year survival. Limited studies and small sample size might be an important reason for this result, in our analysis, only 3 studies evaluated 5-year survival rate, and there were only 111 patients in total.
There are several limitations to our study. Firstly, since LAM has been studied before, we had planned to evaluate the role of HBIG in such an era that new nucleoside drugs are used, while after an extensive literature searching, 14 of 19 included articles were about the use of LAM, among the other 5 studies adopted non-LAM antiviral drugs, ADV combined with LAM were used in 3, ADV monotherapy was used in 1, and FTC with TDF in 1 [22, 25, 27, 30, 36] . We included all of these researches and hopefully to get a convincing result on the basis of a large sample. Secondly, most of the included trials were not RCTs and 8 studies were retrospective studies. Thirdly, a few of included studies didn't set strict antiviral drugs therapy groups. For example, in Teperman's studies [25] , they used a period of combination therapy before a comparison of antiviral drugs group with combination therapy. Aiming to evaluate the efficacy of HBIG in the long term prognosis after LT, we didn't exclude these literatures. The fourth limitation of our study is the lack of conditions of patients' pretransplant HBV DNA. Nevertheless, we were able to draw a more convincing conclusion that the use of HBIG could be linked with patients' pre-transplant HBV DNA conditions. In summary, this meta-analysis has found that HBIG is useful for prophylaxis of hepatitis B recurrence and YMDD mutants, but there is no significant difference between the antiviral drug therapy and combination of HBIG therapy with regard to patients' longterm survival. With the application of new nucleoside analogues, HBIG may be not necessary, especially in patients with negative HBV-DNA status before the operation. Well-designed RCTs with larger samples are still needed to evaluate the necessity of HBIG after LT.
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